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PROJECTION APPARATUS AND 
THREE-DIMENSIONAL IMAGE DISPLAY 

APPARATUS 

[0001] This application is based on application No. 2000 
17162 ?led in Japan, the contents of Which ate hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a projection appa 
ratus for displaying images by projection, and a three 
dimensional (3-D) image display apparatus. 

[0004] 2. Description of the Background Art 

[0005] Projection apparatuses such as projectors Which 
display desired images by projection on a screen and the like 
are conventionally knoWn. For example, a re?ective projec 
tion apparatus comprises a light source, a re?ective display 
device, and a projection optical system. While an image is 
displayed on the display device based on digital image data, 
light from the light source is directed onto the display 
device, and the light re?ected from the display device is 
projected onto a projection target such as a screen by the 
projection optical system to display an image on the pro 
jection target. 

[0006] The projection apparatus as above described, hoW 
ever, is sometimes required to process images. For eXample, 
a need to invert an image before projection requires an 
image inversion optical system to be provided betWeen the 
display device and the projection optical system. Thus, in 
some projection apparatuses of the above-mentioned type, 
an optical system (referred to hereinafter as a processing 
optical system) for performing various types of processing, 
eg the above-mentioned processing such as image inver 
sion, upon the image re?ected from the display device is 
provided betWeen the display device and the projection 
optical system, in Which case some of the rays of light 
re?ected from the display device are obstructed, or 
vignetted, in the optical system because of their different 
directions of re?ection. It has been very difficult for optical 
design to-prevent such vignetting. 

SUMMARY OF THE INVENTION 

[0007] The present invention is intended or a projection 
apparatus. 

[0008] According to a ?rst aspect of the present invention, 
the projection apparatus comprises: a display device for 
displaying an image to be projected; a both side telecentric 
optical system for image-forming the image displayed on the 
display device as an intermediate image on an intermediate 
image plane; and a projection optical system for projecting 
the intermediate image formed on the intermediate image 
plane onto a ?nal image plane. 

[0009] The projection apparatus can properly project the 
image onto the ?nal image plane since light from the display 
device is not vignetted. 

[0010] According to a second aspect of the present inven 
tion, in the projection apparatus of the ?rst aspect, the both 
side telecentric optical system has a magni?cation of 1X. 
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[0011] According to a third aspect of the present inven 
tion, in the projection apparatus of the ?rst aspect the both 
side telecentric optical system comprises, in order from a 
side of the display device: a ?rst-group lens system; a 
diaphragm; and a second-group lens system. The ?rst-group 
lens system and the second-group lens system are in sym 
metric mirror-image relation to each other With respect to the 
diaphragm. 
[0012] The projection apparatus according to the third 
aspect of the present invention alloWs another optical system 
to be placed in the optical path Without vignetting of the light 
from the display device. 

[0013] According to a fourth aspect of the present inven 
tion, in the projection apparatus of the third aspect, the 
?rst-group lens system comprises, in order from the side of 
the display device: at least one ?rst-group positive lens 
element; a ?rst-group cemented lens including at least one 
positive lens element and at least one negative lens element; 
and at least one ?rst-group negative lens element. The 
second-group lens system comprises, in order from the side 
of the display device: at least one second-group negative 
lens element; a second-group cemented lens including at 
least one negative lens element and at least one positive lens 
element; and at least one second-group positive lens ele 
ment. 

[0014] According to a ?fth aspect of the present invention, 
in the projection apparatus of the fourth aspect, the at least 
one positive lens element and the at least one negative lens 
element in each of the ?rst-group cemented lens and the 
second-group cemented lens are a single positive lens ele 
ment and a single negative lens element, respectively. The 
?rst-group lens system further comprises a ?rst-group lens 
element betWeen the ?rst-group cemented lens and the 
?rst-group negative lens element. The second-group lens 
system further comprises a second-group lens element 
betWeen the second-group cemented lens and the second 
group negative lens element Each of the ?rst-group negative 
lens element and the second-group negative lens element is 
disposed, With its surface of a steeper curvature oriented 
toWard the diaphragm. 

[0015] According to a siXth aspect of the present inven 
tion, in the projection apparatus of the fourth aspect, the at 
least one ?rst-group positive lens element includes tWo 
?rst-group positive lens elements. The at least one positive 
lens element and the at least one negative lens element in the 
?rst-group cemented lens are a single positive lens element 
and a single negative lens element, respectively. The at least 
one ?rst-group cemented lens further comprises another lens 
element The at least one ?rst-group negative lens element is 
disposed, With its surface of a steeper curvature oriented 
toWard the diaphragm. The at least one second-group posi 
tive lens element includes tWo second-group positive lens 
elements. The at least one positive lens element and the at 
least one negative lens element in the second-group 
cemented lens are a single positive lens element and a single 
negative lens element, reactively. The second-group 
cemented lens further comprises another lens element. The 
at least one second-group negative lens element is disposed, 
With its surface of a steeper curvature oriented toWard the 
diaphragm 

[0016] According to a seventh aspect of the present inven 
tion, in the projection apparatus of the fourth aspect, the at 
































